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ABSTRACT 



A method and apparatus providing softer handoff of a mobile 
unit between sectors of a common base station. A sectorized 
base station comprises a set of demodulation elements. Each 
demodulation element may be assigned to a signal from one 
of a plurality of sectors. The output of the demodulators are 
combined before the decoding process independent of the 
sector from which the data originated. This configuration 
provides improved output data reliability, more stable power 
control, and more efficient use of resources at the base 
station. 

14 Claims, 4 Drawing Sheets 
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METHOD AND APPARATUS FOR 
PERFORMING HANDOFF BETWEEN 
SECTORS OF A COMMON BASE STATION 

This is a continuation of application Sex, No. 08/144,903, 5 
filed Oct. 28, 1993 abandoned. 

BACKGROUND OF THE INVENTION 
L Field of the Invention 

The present invention relates to communication systems, 
particularly to a method and apparatus for performing hand- 10 
off between two sectors of a common base station. 

H. Description of the Related Art 

In a code division multiple access (CDMA) cellular 
telephone system or personal communications system, a 15 
common frequency band is used for communication with all 
base stations in a system The common frequency band 
allows simultaneously communication between a mobile 
unit and more than one base station. Signals occupying the 
common frequency band are discriminated at the receiving ^ 
station through the spread spectrum CDMA waveform prop- 
erties based on the use of a high speed pseudonoise (PN) 
code. The high speed PN code is used to modulate signals 
transmitted from the base stations and the mobile units. 
Transmitter stations using different PN codes or PN codes ^ 
that are offset in time produce signals that can be separately 
received at the receiving station. The high speed PN modu- 
lation also allows the receiving station to receive a signal 
from a single transmitting station where the signal has 
traveled over several distinct propagation paths. 30 

A signal having traveled several distinct propagation 
paths generates the multipara characteristics of the radio 
channel. One characteristic of a multipath channel is the 
time spread introduced in a signal that is transmitted through 
the channel. For example, if an ideal impulse is transmitted 35 
over a multipath channel, the received signal appears as a 
stream of pulses. Another characteristic of the multipath 
channel is that each path through the channel may cause a 
different attenuation factor. For example, if an ideal impulse 
is transmitted over a multipath channel, each pulse of the 40 
received stream of pulses generally has a different signal 
strength than other received pulses. Yet another character- 
istic of the multipath channel is that each path through the 
channel may cause a different phase on the signal. For 
example, if an ideal impulse is transmitted over a multipath 45 
channel, each pulse of the received stream of pulses gener- 
ally has a different phase than other received pulses. 

In the radio channel, the multipath is created by reflection 
of the signal from obstacles in the environment, such as 
buildings, trees, cars, and people. In general the radio 50 
channel is a time varying multipath channel due to the 
relative motion of the structures that create the multipath. 
For example, if an ideal impulse is transmitted over the time 
varying multipath channel, the received stream of pulses 
would change in time location, attenuation, and phase as a 55 
function of the time that the ideal impulse was transmit. 

The multipath characteristic of a channel can result in 
signal fading. Fading is the result of the phasing character- 
istics of the multipath channel. A fade occurs when multi- 
path vectors added destructively, yielding a received signal 60 
that is smaller than either individual vector. For example if 
a sine wave is transmitted through a multipath channel 
having two paths where the first path has an attenuation 
factor of X dB, a time delay of 5 with a phase shift of 6 
radians, and the second path has an attenuation factor of X 65 
dB, a time delay of 5 with a phase shift of 8-tft radians, no 
signal would be received at the output of the channel. 
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In narrow band modulation systems such as the analog 
FM modulation employed by conventional radio telephone 
systems, the existence of multiple path in the radio channel 
results in severe multipath fading. As noted above with a 
wideband CDMA, however, the different paths may be 
discriminated in the demodulation process. This discrimi- 
nation not only greatly reduces the severity of multipath 
fading but provides an advantage to the CDMA system. 

In an exemplary CDMA system, each base station trans- 
mits a pilot signal having a common PN spreading code that 
is offset in code phase from the pilot signal of other base 
stations. During system operation, the mobile unit is pro- 
vided with a list of code phase offsets corresponding to 
neighboring base stations surrounding the base station 
through which communication is established. The mobile 
unit is equipped with a searching element that allows the 
mobile unit to track the signal strength of the pilot signal 
from a group of base stations including the neighboring base 
stations. 

A method and system for providing a communication with 
the mobile unit through more than one base station during 
the handoff process are disclosed in U.S. patent application 
Ser. No. 07/847,148, filed Mar. 5, 1992, entitled "MOBILE 
ASSISTED SOFT HANDOFF IN A CDMA CELLULAR 
TELEPHONE SYSTEM," assigned to the assignee of the 
present invention. Using this system, communication 
between the mobile unit and the end user is uninterrupted by 
the eventual handoff from an original base station to a 
subsequent base station. This type of handoff may be con- 
sidered as a "soft" handoff in that communication with the 
subsequent base station is established before communication 
with the original base station is terminated. When the mobile 
unit is in communication with two base stations, a single 
signal for the end user is created from the signals from each 
base station by a cellular or personal communication system 
controller. 

Mobile unit assisted soft handoff operates based on the 
pilot signal strength of several sets of base stations as 
measured by the mobile unit The Active Set is the set of 
base stations through which active communication is estab- 
lished. The Neighbor Set is a set of base stations surrounding 
an active base station comprising base stations that have a 
high probability of having a pilot signal strength of sufficient 
level to establish communication. The Candidate Set is a set 
of base stations having a pilot signal strength of sufficient 
level to establish communication. 

When communications are initially established, a mobile 
unit communicates through a first base station and the Active 
Set contains only the first base station. The mobile unit 
monitors the pilot signal strength of the base stations of the 
Active Set, the Candidate Set, and the Neighbor Set When 
a pilot signal of a base station in the Neighbor Set exceeds 
a predetermined threshold level, the base station is added to 
the Candidate Set and removed from the Neighbor Set at the 
mobile unit. The mobile unit communicates a message to the 
first base station identifying the new base station. A cellular 
or personal communication system controller decides 
whether to establish communication between the new base 
station and the mobile unit Should the cellular or personal 
communication system controller decide to do so, the cel- 
lular or personal communication system controller sends a 
message to the new base station with identifying information 
about the mobile unit and a command to establish commu- 
nications therewith. A message is also transmitted to the 
mobile unit through the first base station. The message 
identifies a new Active Set that includes the first and the new 
base stations. The mobile unit searches for the new base 
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station transmitted information signal and communication is station from mobile units in the coverage area of neighbor- 
established with the new base station without termination of ing base stations. 

communication through the first base station. This process The path loss in the radio channel can be characterized by 

can continue with additional base stations. two separate phenomena: average path loss and fading. The 

When the mobile unit is communicating through multiple 5 forward link, from the base station to the mobile unit, 

base stations, it continues to monitor the signal strength of operates on a different frequency than the reverse link, from 

the base stations of the Active Set, the Candidate Set, and the the mobile unit to the base station. However because the 

Neighbor Set Should the signal strength corresponding to a forward link and reverse link frequencies are within the 

base station of the Active Set drop below a predetermined same frequency band, a significant correlation between the 

threshold for a predetermined period of time, the mobile unit 10 average path loss of the two link-s exists. On the other hand, 

generates and transmits a message to report the event. The fading is an independent phenomenon for the forward link 

cellular or personal communication system controller and reverse link and varies as a function of time, 

receives this message through at least one of the base ^ an exemplary CDMA system, each mobile unit esti- 

stations with which the mobile unit is communicating. The mates the path loss of the forward link based on the total 

cellular or personal communication system controller may * 5 power at the input to the mobile unit. The total power is the 

decide to terminate communications through the base station S um of the power from all base stations operating on the 

having a weak pilot signal strength. same frequency assignment as perceived by the mobile unit 

The cellular or personal communication system controller From the estimate of the average forward link path loss, the 

upon deciding to terminate communications through a base mobile unit sets the transmit level of the reverse link signal, 

station generates a message identifying a new Active Set of 20 Should the reverse link channel for one mobile unit suddenly 

base stations. The new Active Set does not contain the base improve compared to the forward link channel for the same 

station through which communication is to be terminated. mobile unit due to independent fading of the two channels, 

The base stations through which communication is estab- the signal as received at the base station from this mobile 

lished send a message to the mobile unit. The cellular or unit would increase in power. This increase in power causes 

personal communication system controller also communi- 25 additional interference to all signals sharing the same fre- 

cates information to the base station to terminate commu- quency assignment Thus a rapid response of the mobile unit 

nications with the mobile unit The mobile unit communi- transmit power to the sudden improvement in the channel 

cations are thus routed only through base stations identified would improve system performance, 

in the new Active Set Mobile unit transmit power is also controlled by one or 

Because the mobile unit is communicating with the end more base stations. Each base station with which the mobile 

user though at least one base station at all times throughout unit is in communication measures the received signal 

the soft handoff processes, no interruption in commu nica- strength from the mobile unit The measured signal strength 

tions occurs between the mobile unit and the end user. A soft is compared to a desired signal strength level for that 

handoff provides significant benefits in its inherent "make 35 particular mobile unit A power adjustment command is 

before break" communication over conventional "break generated by each base station and sent to the mobile unit on 

before make" techniques employed in other cellular com- the forward link- In response to the base station power 

munication systems. adjustment command, the mobile unit increases or decreases 

In a cellular or personal communication telephone the mobile unit transmit power by a predetermined amount 

system, maximizing the capacity of the system in terms of 40 **v this method, a rapid response to a change in the channel 

the number of simultaneous telephone calls that can be is effected and me average system performance is improved, 

handled is extremely important System capacity in a spread When a mobile unit is in communication with more than 

spectrum system can be maximized if the transmitter power one base station, power adjustment commands are provided 

of each mobile unit is controlled such that each transmitted from each base station. The mobile unit acts upon these 

signal arrives at the base station receiver at the same level 45 multiple base station power adjustment commands to avoid 

In an actual system, each mobile unit may transmit the transmit power levels that may adversely interfere with other 

minimum signal level that produces a signal-to-noise ratio mobile unit communications and yet provide sufficient 

that allows acceptable data recovery. If a signal transmitted power to support communication from the mobile unit to at 

by a mobile unit arrives at the base station receiver at a least one of the base stations. This power control mechanism 

power level mat is too low, me bit-error-rate may be too high 50 is accomplished by having the mobile unit increase its 

to permit high quality communications due to interference transmit signal level only if every base station with which 

from the other mobile units. On the other hand, if the mobile the mobile unit is in communication requests an increase in 

unit transmitted signal is at a power level that is too high power level. The mobile unit decreases its transmit signal 

when received at the base station, cornmunication with this level if any base station with which the mobile unit is in 

particular mobile unit is acceptable but this high power 55 communication requests that the power be decreased. A 

signal acts as interference to other mobile units. This inter- system for base station and mobile unit power control is 

ference may adversely affect communications with other disclosed in U.S. Pat No, 5.056,109 entitled "METHOD 

mobile units. AND APPARATUS FOR CONTROLLING TRANSMK- 

Theref ore to maximize capacity in an exemplary CDMA SION POWER IN A CDMA CELLULAR MOBILE TELE- 

spread spectrum system, the transmit power of each mobile 60 PHONE SYSTEM " issued Oct. 8, 1991, assigned to the 

unit within the coverage area of a base station is controlled Assignee of the present invention, 

by the base station to produce the same nominal received Base station diversity at the mobile unit is an important 

signal power at the base station. In the ideal case, the total consideration in the soft handoff process. The power control 

signal power received at the base station is equal to the method described above operates optimally when the mobile 

nominal power received from each mobile unit multiplied by 65 unit communicates with each base station through which 

the number of mobile units transmitting within the coverage communication is possible. In doing so, the mobile unit 

area of the base station plus the power received at the base avoids inadvertently interfering with communications 
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through a base station receiving the mobile unit's signal at DETAILED DESCRIPTION OF THE 

an excessive level but unable to communicate a power PREFERRED EMBODIMENTS 

adjustment command to the mobile unit because communi- j illustrates an exemplary base station coverage area 

cation is not established therewith. structure. In such an exemplary structure, hexagonal base 
A typical cellular or personal communication system 5 station coverage areas abut one another in a symmetrically 
contains some base stations having multiple sectors. A tiled arrangement Each mobile unit is located within the 

multi-sectored base station comprises multiple independent coverage area of one of the base stations. For example, 

transmit and receive antennas. The present invention is a mobile unit 10 is located within the coverage area of base 

method and apparatus of handoff between sectors of a station 20 - In a code division multiple access (CDMA) 

common base station. The present invention is called softer "> cellular 01 personal communication telephone system, a 

handoff. common frequency band is used for communication with all 

TA . ' , . «_. ^ r ^ . . base stations in a system allowing simultaneously commu- 

It is therefore the object of the present invention to ^cation > m(Me unit ^ more base 

provide method and apparatus for performing handoff statioiL Mobile unit 10 is located very close to basc $mon 

between two sectors of a common base station. ^ 20 and therefore receives a large signal from base station 20 

It is another object of the present invention to provide and relatively small signals from surrounding base stations, 

method and apparatus for performing softer handoff between However mobile unit 30 is located in the coverage area of 

two sectors of a common base station such that improved base station 40 but is close to the coverage area of base 

power control performance is provided. stations 100 and 110. Mobile unit 30 receives a relatively 

It is yet another object of the present invention to provide 20 weak si S nal from base station 40 and similarly sized signals 

memodandapparafcsforperforming softer handoff between from base stations 100 and 110 MobUe unit 30 1x5 ^ 

two sectors of a common base station such that base station soft handoff mth base stations 40 > 100 > and uo - 

resources are used efficiently. The exemplary base station coverage area structure illus- 
trated in FIG. 1 is highly idealized. In the actual cellular or 

SUMMARY OF THE INVENTION 25 personal communication environment, base station coverage 

areas may vary in size and in shape. Base station coverage 

The present invention defines a method and apparatus for areas may tend to overlap with coverage area boundaries 

performing softer handoff between sectors of a common defining coverage area shapes different from the ideal hexa- 

base station. The method and apparatus provide a set of gon snapet Furthermore, base stations may also be sectored 

demodulation elements in the base station. The demodula- such as int0 ^ sectorSi as is well toowil ^ me art Base 

tion elements, instead of being assigned to a single sector, 30 sta tion 60 is shown as a three sectored base station. However 

may be assigned to a signal from any one of a set of sectors base stations with lesser OI &eaier numbers of sectors ^ 

in the base station. Thus, the base station may use its envisioned. 

resources with high efficiency by assigning demodulation Base station 60 of FIG. 1 represents an idealized three 

elements to the strongest signals available. sectored base station. Base station 60 has three sectors, each 

The combination process in softer handoff allows of which covers more than 120 degrees of the base station 

demodulated data from different sectors to be combined coverage area. Sector 50, having a coverage area indicated 

before decoding and thus produce a single soft decision by the unbroken lines 55, overlaps the coverage area of 

output value. The combination process can be performed sector 70, having a coverage area indicated by the coarse 

based on the relative signal level of each signal thus pro- ^ dashed lines 75. Sector 50 also overlaps the sector 80, 

viding the most reliable combination process. having a coverage area as indicated by the fine dashed lines 

Combining signals from sectors of a common base station 85. For example, location 90 as indicated by the X is located 

also allows a sectorized base station to make a single power in both the coverage area of sector 50 and sector 70. 

adjustment command for mobile unit power control. Thus In general a base station is sectorized to reduce the total 

the power adjustment command from each sector of a 45 interference power to mobile units located within the cov- 

common base station is the same. This uniformity in power erage area of the base station while increasing the number of 

control allows flexible handoff operation in that sector mobile units that can communicate through the base station, 

diversity at the mobile unit is not critical to the power For example, sector 80 would not transmit a signal intended 

control process. for a mobile unit at location 90 and thus no mobile unit 

50 located in sector 80 is significantly interfered with by the 

BRIEF DESCRIPTION OF THE DRAWINGS communication of a mobile unit at location 90 with base 

The features, objects, and advantages of the present station 

invention will become more apparent from the detailed For a mobUe unit P° siti °ned at location 90, the total 

description set forth below when taken in conjunction with interference has contributions from sectors 50 and 70 and 

the drawings in which like reference characters identify 55 from base stations 20 and 120. A mobile unit a location 90 

correspondingly throughout and wherein: might be in softer handoff, as described below, with sectors 

1 - j- mi ^ , . 50 and 70. A mobile unit at location 90 may simultaneously 

™~ ~. d ET g ** eXemP ^ be in soft hand <> ff wi* base stations 20 and 130. * 

coverage area structure; . 

ttto ^ . .1 , .„ _ ^. , A method and system for providing communication with 

HG. 2 is a block diagram UlustraUng an exemplary ^ a mobUe imit through more thaii one base station during the 

sectorized base station comprising multiple independent han doff process are disclosed in U.S. patent application tSer. 

sectors; No. 07/847,148 as described above. This type of handoff 

FIG. 3 is a block diagram illustrating an exemplary may be considered a "soft" handoff in that communication 

sectorized base station according to the present invention; with the subsequent base station is established before com- 

65 munication with the original base station is terminated. 

FIG. 4 is an exemplary representation of the coverage area At a unsectorized base station, a set of multipath signals 

of three sectors of a sectorized base station. from a single mobile unit are separately demodulated and 



08/14/2004", EAST Version: 1.4.1 



5,6: 

7 

then combined before the decoding process. Therefore the 
decoded data output from each base station is based on all 
of the advantageous signal paths available from the mobile 
unit. The decoded data is sent to the cellular or personal 
communication system controller from each base station in 
the system 

For each mobile unit operating in soft handoff in the 
system, the cellular or personal communication system 
controller receives decoded data from at least two base 
stations. For example, in FIG. 1 the cellular or personal 
communications system controller would receive decoded 
data from mobile unit 30 from base stations 40, 100, and 
110. Combining the decoded data does not yield the great 
advantage of combining the data prior to decoding. A typical 
cellular or personal communication system controller may 
choose not to combine the decoded data from each base 
station and instead select the decoded data from the base 
station having the highest signal quality index and discard 
the data from any other base station. 

The method of soft handoff could be directly applied to a 
sectorized base station by treating each sector of a common 
base station as a separate, independent base station. Each 
sector of the base station could combine and decode multi- 
path signals from a common mobile unit. The decoded data 
could be sent directly to the cellular or personal communi- 
cation system controller by each sector of the base station or 
it could be compared and selected at the base station and the 
result sent to the cellular or personal communication system 
controller. 

FIG. 2 illustrates an exemplary embodiment of a three 
sectored base station that does not employ the present 
invention. In FIG. 2, each of antennas 310. 326, and 344 is 
the receive antenna for one sector of a common base station. 
FIG. 2 represents a typical sectorized base station in that 
antennas 310, 326, and 344 have overlapping coverage areas 
such that a single mobile unit signal may be present at more 
than one antenna at a time. 

Antennas 310, 326, and 344 supply a receive signal to 
receive processings 312, 328, and 346 respectively. Receive 
processings 312. 328. and 346 process the RF signal and 
convert the signal to digital bits. Receive processings 312, 
328, and 346 may also filter the digital bits. Receive pro- 
cessing 312 provides the filtered digital bits to demodulation 
elements 316A-316N. Receive processing 328 provides the 
filtered digital bits to demodulation elements 332A-332N. 
Likewise, receive processing 346 provides the filtered digi- 
tal bits to demodulation elements 350A-350N. 

Demodulation elements 316A-316N are controlled by 
controller 318 through interconnection 320. Controller 318 
assigns demodulation elements 316A-316N to one of the 
plurality of information signals from a single mobile unit 
Demodulation elements 316A-316N produce data bits 
322A-322N that are combined in symbol combiner 324. The 
output of symbol combiner 324 may be aggregate soft 
decision data suitable for Viterbi decoding. The combined 
data is decoded by decoder 314 and output Message 1 from 
the mobile unit is passed to the cellular or personal com- 
munications system controller. 

A power adjustment command for the mobile unit is 
created by the controller from the estimated signal strengths 
of each signal demodulated by demodulation elements 
316A-316N. The controller can pass the power control 
information to the transmit circuitry of this sector of the base 
station (not shown) to be relayed to the mobile unit 

Demodulation elements 332A-332N are controlled by 
controller 334 through interconnection 336. Controller 334 
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assigns demodulation elements 332A-332N to one of the 
plurality of information signals from a single mobile unit 
Demodulation elements 332A-332N produce data bits 
338A-338N that are combined in symbol combiner 340. The 

5 output of symbol combiner 340 may be aggregate soft 
decision data suitable for Viterbi decoding. The combined 
data is decoded by decoder 342 and output Message 2 from 
the mobile unit is passed to the cellular or personal com- 
munications system controller. 

10 A power adjustment command for the mobile unit is 
created by the controller from the estimated signal strengths 
of each signal demodulated by demodulation elements 
332A-332N. The controller can pass the power control 
information to the transmit circuitry of this sector of the base 

15 station (not shown) to be relayed to the mobile unit 

Demodulation elements 350A-350N are controlled by 
controller 352 through interconnection 354. Controller 352 
assigns demodulation elements 350A-350N to one of the 
plurality of information signals from a single mobile unit 

20 from the corresponding sector. Demodulation elements 
350A-350N produce data bits 356A-356N that are com- 
bined in symbol combiner 352. The output of symbol 
combiner may be aggregate soft decision data suitable for 
Viterbi decoding. The combined data is decoded by decoder 

25 360 and the output Message 3 from the mobile unit is passed 
to the cellular or personal communications system control- 
ler. 

A power adjustment command for the mobile unit is 
30 created by the controller from the estimated signal strengths 
of each signal demodulated by demodulation elements 
350A-350N, The controller can pass this information to the 
transmit circuitry of this sector of the base station (not 
shown) to be relayed to the mobile unit 
35 The present invention provides a much improved version 
of handoff between sectors of a common base station. In the 
present invention, signals from sectors of a common base 
station are combined within the base station in the same 
manner as multipath signals from an unsectorized base 
40 station. Signals from sectors of a common base station are 
combined before decoding occurs thus providing an 
improved system performance. 

In the present invention, the process of soft handoff and 
the prQcess of softer handoff are the same from the mobile 
45 unit's perspective. However the base station operation in 
softer handoff is different from soft handoff. The handoff 
process as described in U.S. patent application Ser. No. 
07/847,148 referred to above, is summarized in the follow- 
ing steps as applied to handoff between two sectors of a 
50 common base station. 

Normal operation of softer handoff: 
1: Mobile unit is communicating with base station X 
through sector alpha antenna meaning base station X, 
sector alpha is identified as a member of the Active Set 
2: Mobile unit monitors that the pilot signal from base 
station X. sector beta antenna that is identified as a 
member of the Neighbor Set. The pilot signal strength 
from base station X. sector beta antenna exceeds a 
a predetermined threshold. 

3: Mobile unit identifies base station X, sector beta as a 
member of the Candidate Set and informs base station 
X through sector alpha antenna 
4: Base station X establishes the availability of resources 
65 in sector beta. 

5: Sector beta antenna begins to receive a reverse link 
signal from mobile unit. 
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6: Sector beta antenna begins to transmit a forward link 

signal to mobile unit 
7: Base station X through sector alpha antenna updates the 

mobile unit Active Set to identify sector beta as a 

member. 

. 8: Mobile unit establishes communication with base sta- 
tion X, sector beta antenna. Mobile unit combines the 
signals from sector alpha antenna and sector beta 
antenna based on the signal strength of the pilot signal 
from the corresponding sector antenna. 
9: Base station X combines the signals from mobile unit 
received through sector alpha antenna and sector beta 
antenna (softer handoff). 
FIG. 3 illustrates an exemplary embodiment of a three 
sectored base station. FIG. 3 is a representation of a pre- 
ferred embodiment of the present invention in a three 
sectored base station however the ideas present invention are 
equally applicable to base stations with fewer or more 
sectors. Although only one receive antenna is show for each 
sector, typically two antennas are used for diversity with the 
receive signal combined for processing. 

In FIG. 3, each of antennas 222A-222C is the receive 
antenna for one sector and each of antennas 230A-230C is 
the transmit antenna for one sector. Antenna 222A and 
antenna 230A correspond to a common coverage area and 
can ideally have the same antenna pattern. Likewise anten- 
nas 222B and 230B, and antennas 222C and 230C corre- 
spond to common coverage areas respectfully. FIG. 3 rep- 
resents a typical base station in that antennas 222A-222C 
have overlapping coverage areas such that a single mobile 
unit signal may be present at more than one antenna at a 
time. 

FIG. 4 is a more realistic representation of the coverage 
areas of three sectors of a sectorized base station man base 
station 60 of FIG. 1. Coverage area 300A, as represented by 
the finest line, corresponds to the coverage area of both 
antennas 222A and 230A. Coverage area 300B, as repre- 
sented by the medium width line, corresponds to the cov- 
erage area of both antennas 222B and 230B. Coverage area 
300C, as represented by the heaviest line, corresponds to the 
coverage area of both antennas 222C and 230C. The shape 
of the three coverage areas is the shape produced by standard 
directional dipole antenna. The edges of the coverage areas 
can be thought of as the location at which a mobile unit 
receives the minimum signal level to support communica- 
tion through that sector. As a mobile unit moves into the 
sector, the signal strength increases. As a mobile unit moves 
past the edge of the sector, communication through that 
sector may degrade. A mobile unit operating in softer 
handoff mode is likely to be located in the overlapped region 
of two coverage areas. 

Referring again to FIG. 3, antennas 222A, 222B, and 
222C supply the received signal to receive processings 
224A, 224B, and 224C respectively. Receive processings 
224 A, 224B, and 224C process the RF signal and convert the 
signal to digital bits. Receive processings 224A, 224B, and 
224C may filter the digital bits and provide the resulting 
digital bits to interface port 226. Interface port 226 may 
connect any of the three incoming signal paths to any of the 
demodulation elements 204A-204N under the control of 
controller 200 through interconnection 212. 

The preferred embodiment of FIG. 3 gives an implemen- 
tation where receive processings 224A, 224B, and 224C 
produce digital bits and interface port 226 is a digital device. 
This portion of the architecture could be implemented in a 
variety of methods. In one alternative method, receive 
processing 224A, 224B, and 224C pass analog signals to 
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demodulation elements 204A-204N and interface port 226 
incorporates the appropriate analog circuitry. 

Continuing in with the preferred embodiment, demodu- 
lation elements 204A-204N are controlled by controller 200 
through interconnection 212. Controller 200 assigns 
demodulation elements 204A-204N to one of the plurality 
of information signals from a single mobile unit from any 
one of the sectors. Demodulation elements 204A-204N 
produce data bits 220A-220N each representing an estimate 
of the data from the single mobile unit. Data bits 
220A-220N are combined in symbol combiner 208 to 
produce a single estimate of the data from the mobile unit 
The output of symbol combiner 208 may be aggregate soft 
decision data suitable for Viterbi decoding. The combined 
15 symbols are passed to decoder 228. 

Demodulation elements 204A-204N also provide several 
output control signals to controller 200 through intercon- 
nection 212. The information passed to controller 200 
includes an estimate of the signal strength of the signal 
20 assigned to a particular demodulator. Each one of demodu- 
lation elements 204A-204N measures a signal strength 
estimation of the signal that it is demodulating and provides 
the estimation to controller 200. 
In many applications, an actual base station also com- 
25 prises at least one searcher element. The searcher element is 
also capable of demodulating a signal and is used to con- 
tinually scan the time domain in search of available signals. 
The searcher element identifies a set of available signals and 
passes the information to the controller. The controller may 
30 use the set of available signals to assign or re-assign the 
demodulation elements to the most advantageous signals 
available. The placement of the searcher element is the same 
as the placement of the demodulating elements in FIG. 2. As 
such the searcher elements may also be assigned to a signal 
35 from a plurality of sectors of a common base station. In the 
most general case, demodulation elements 204A-204N can 
be assumed to comprise some elements that are capable of 
performing the searching function. 
Notice that symbol combiner 208 can combine signals 
40 from just one sector to produce an output or it can combine 
symbols from multiple sectors as selected by the interface 
port 226. A single power control command is created by the 
controller from the estimated signal strengths independent of 
the sector through which the signal is received. The con- 
45 troUer can pass this information to the transmit circuitry of 
each sector of the base station. Thus each sector in the base 
station transmits the same power control information to a 
single mobile unit 
When symbol combiner 208 is combining signal from a 
50 mobile unit that is communicating through more than one 
sector, the mobile unit is in softer handoff. The base station 
may send the output of decoder 228 to a cellular of personal 
communication system controller. At the cellular or personal 
communication system controller, signal from this base 
55 station and from other base stations are used produce a 
single output (soft handoff.) 

The transmit process shown in FIG. 3 receives a message 
for a mobile unit from the end user through the cellular or 
personal communication system controller. The message can 
60 be sent on one or more of antennas 230A-230C Interface 
port 236 connects the message for the mobile unit to one of 
more of modulation elements 234A-234C as set by control- 
ler 200. Modulation elements modulate the message for the 
mobile unit with the appropriate PN code. The modulated 
65 data from modulation elements 234A-234C is passed to 
transmit processing 232A-232C respectively. Transmits 
processings 232A-232C convert the message to an RF 
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frequency and transmit the signal at an appropriate signal 
level through antennas 230A-230C respectively. Notice that 
interface port 236 and interface port 226 operate indepen- 
dently in that receiving a signal from a particular mobile unit 
through one of antennas 222A-222C does not necessarily 5 
mean that the corresponding transmit antenna 230A-230C is 
transmitting a signal to the particular mobile unit. Also note 
that the power control command sent through each antenna 
is the same, thus sector diversity from a common base 
station is not critical for the optimal power control perfor- iQ 
mance. 

Another feature of the present invention is the increased 
flexibility of the base station resources. Comparing FIG. 2 to 
FIG. 3, the flexibility is apparent In the three sectors 
represented in FIG. 2, suppose that the sector corresponding 
to antenna 310 is heavily loaded with signals such that the 15 
number of incoming signals is greater than the number of 
demodulation elements. The fact that the sector correspond- 
ing to antenna 326 is lightly loaded and has unused demodu- 
lation elements does not aid the sector corresponding to 
antenna 310. In FIG. 3, however, each demodulation ele- 20 
ment may be assigned to a plurality of sectors thus allowing 
allocation of resources to the most heavily loaded sector. 

There are many obvious variations to the present inven- 
tion as presented including simple architectural changes. 
The previous description of the preferred embodiments is 25 
provided to enable any person skilled in the art to make or 
use the present invention. The various modifications to these 
embodiments will be readily apparent to those skilled in the 
art and the generic principles defined herein may be applied 
to other embodiments without the use of the inventive 30 
faculty. Thus, the present invention is not intended to be 
limited to the embodiments shown herein but is to be 
accorded the widest scope consistent with the principles and 
novel features disclosed herein. 

We claim: 35 

1. A base station transceiver system for interfacing with a 
mobile unit via an upconverted radio frequency signal 
comprising: 

a first radio frequency processing system for down con- 
verting said upconverted radio frequency signal to a 40 
first baseband signal; 

a second radio frequency processing system for down 
converting said upconverted radio frequency signal to 
a second baseband signal; 

a first demodulation element for converting said first 45 
baseband signal to a first set of estimation data respec- 
tively; 

a second demodulation element for converting said sec- 
ond baseband signal to a second set of estimation data; 

a combiner for combining said first set of estimation data 
and said second set of estimation data to form a single 
set of estimation data; 

a decoder for converting said single set of estimation data 
to digital data; 5S 

a control system for generating control information in 
response to said first and second sets of estimation data; 
and 

an interface port for transmitting said first baseband signal 
and said second baseband signal to said first and second 60 
demodulation element in accordance with said control 
information. 

2. The base station transceiver of claim 1 further com- 
prising: 

first and second modulation elements for modulating 6$ 
transmit digital data and generating a first and second 
set of transmit baseband data; 
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first and second transmit processing systems for generat- 
ing upconverted transmit data by upconverting said 
transmit baseband data, wherein 

said first and second transmit processing systems are 
associated with said first and second receive processing 
system. 

3. The base station transceiver of claim 2 further com- 
prising: 

a second interface port for receiving said transmit digital 
data and providing said transmit digital data to said first 
and second modulation elements in response to addi- 
tional control information from said control system. 

4. The base station transceiver of claim 2 wherein: 
said control system generates power control information; 

and 

said power control information is transmitted from both 
said first and second transmit processing systems. 

5. The base station transceiver system of claim 1 wherein 
said first radio frequency processing unit and said second 
radio frequency processing unit are configured to receive 
radio frequency signals generated in coverage areas that 
partially overlap. 

6. A cellular telephone system comprising: 

a mobile unit for generating a reverse link signal and 
receiving a forward link signal; 

a first set of mobile units for generating a first set of other 
reverse link signals; 

a second set of mobile units for generating a second set of 
other reverse link signals; 

a first base station transceiver system having a first radio 
frequency signal processing system for receiving a first 
instance of said reverse link signal, a second radio 
frequency processing system for receiving a second 
instance of said reverse link signal, and a signal pro- 
cessing system for combining said first and second 
instances to generate a first digital signal; 

a second base station transceiver system for receiving a 
third instance of said reverse link signal and for gen- 
erating a second digital signal in response; 

a base station controller system combining said first 
digital signal and said second digital signal into a third 
digital signal, wherein 

said first instance is received along with said first set of 
other reverse link signals, and said second instance is 
received along with said second set of other reverse 
link- signals. 

7. The cellular telephone system of claim 6 wherein: 
said first base station transceiver system transmits sub- 
stantially similar power control information to said 
mobile unit through said first and second radio fre- 
quency processing systems; and 

said second base station transceiver system transmits 
different power control information to said mobile unit 

8. The cellular telephone system of claim 6 wherein said 
mobile unit maintains an interface with said first and second 
base station transceiver systems so long as a usable forward 
link signal is received from said first and second base station 
transceiver systems. 

9. Abase station transceiver system for receiving a reverse 
link radio frequency signal comprising: 

a first demodulation element for converting said reverse 
link radio frequency signal to a first demodulated 
signal; 

a second demodulation element for converting said 
reverse link radio frequency signal to a second 
demodulated signal; 
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a combiner for combining said first and second demodu- 
lated signals to produce a third demodulated signal; 

a decoder for converting said third demodulated signal to 
digital data; 

a first receive processing system for receiving said reverse 
link radio frequency signal in conjunction with a first 
set of other reverse link radio frequency signals, and for 
providing said reverse link radio frequency signal and 
said first set of other reverse link radio frequency 
signals to said first demodulation element; and 

a second receive processing system for receiving said 
reverse link radio frequency signal conjunction with a 
second set of other reverse link radio frequency signals, 
and for providing said reverse link radio frequency 
signal and said second set of other reverse link radio 
frequency signals to said second demodulation ele- 
ment 

10. The base station transceiver system of claim 9 further 
comprising a first transmit processing unit for transmitting to 
a first sector; and 

a second transmit processing unit for transmitting to a 
second sector. 

11. The base station transceiver system of claim 9 further 
comprising: 

an interface port for coupling said first demodulation 
element to said first receive processing system if said 
first receive processing system is receiving a reverse 
link signal that requires demodulation, and for coupling 
said first demodulation element to said second receive 
processing system if said second receive processing 
system is receiving a reverse link signal that requires 
demodulation. 

12. A base station transceiver system for receiving a 
reverse link radio frequency signal comprising: 

a first demodulation element for converting said reverse 
link radio frequency signal to a first demodulated 
signal; 
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a second demodulation element for converting said 
reverse link radio frequency signal to a second 
demodulated signal; 

a combiner for combining said first and second demodu- 
lated signals to produce a third demodulated signal; and 

a decoder for converting said third demodulated signal to 
digital data; 

a control system for generating a first set of power control 
commands directed to said mobile unit and a second set 
of power control commands directed to other mobile 
units; 

a first transmit processing unit for transmitting said first 
set of power control commands along with a first 
sub-set of said second set of power control commands; 
and 

a second power transmit processing unit for transmitting 
said first set of power control commands along with a 
second sub-set of said second set of power control 
commands. 

13. The base station transceiver system of claim 12 
wherein said first transmit processing unit transmits to a first 
sector and said second transmit processing unit transmits to 
a second sector. 

14. The base station transceiver system of claim 12 further 
comprising: 

an interface port for coupling said first demodulation 
element to said first receive processing system if said 
first receive processing system is receiving a reverse 
link signal that requires demodulation, and for coupling 
said first demodulation element to said second receive 
processing system if said second receive processing 
system is receiving a reverse link signal that requires 
demodulation. 
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